Based on high-resolution, spatially resolved data of 10 z ∼ 2 star-forming galaxies from the SINS/zC-SINF survey and LUCI data for 12 additional galaxies, we probe the excitation properties of high-z galaxies and the impact of active galactic nuclei (AGN), shocks and photoionization. We explore how these spatially-resolved line ratios can inform our interpretation of integrated emission line ratios obtained at high redshift. Many of our galaxies fall in the 'composite' region of the z ∼ 0 [NII]/Hα versus [OIII]/Hβ diagnostic (BPT) diagram, between star-forming galaxies and those with AGN. Based on our resolved measurements, we find that some of these galaxies likely host an AGN, while others appear to be affected by the presence of shocks possibly caused by an outflow or from enhanced ionization parameter as compared with HII regions in normal local star-forming galaxies. We find that the Mass-Excitation (MEx) diagnostic, which separates purely star-forming and AGN hosting local galaxies in the [OIII]/Hβ versus stellar mass plane, does not properly separate z ∼ 2 galaxies classified according to the BPT diagram. However, if we shift the galaxies based on the offset between the local and z ∼ 2 mass-metallicity relation (i.e. to the mass they would have at z ∼ 0 with the same metallicity), we find better agreement between the MEx and BPT diagnostics. Finally, we find that metallicity calibrations based on [NII]/Hα are more biased by shocks and AGN at high-z than the [OIII]/Hβ /[NII]/Hα calibration.
1. INTRODUCTION Optical and near-infrared surveys over the last 15 years have firmly established that star-forming galaxies (SFGs) at z ∼ 2 have very different morphological structure in their rest-frame UV/optical light than their local counterparts (Cowie et al. 1995; van den Bergh et al. 1996; Elmegreen et al. 2004 Elmegreen et al. , 2009 Elmegreen & Elmegreen 2005 Genzel et al. 2006 Genzel et al. , 2008 Law et al. 2007 Law et al. , 2009 Law et al. , 2012 Förster Schreiber et al. 2009 , 2011a Wuyts et al. 2012; Swinbank et al. 2012a,b; Jones et al. 2010 Jones et al. , 2012 . Although a majority are characterized as rotating disks with kinematic analysis, they exhibit clumpy structure and elevated velocity dispersions, indicating much larger scale heights than local disks (Elmegreen & Elmegreen 2006; Förster Schreiber et al. 2006 , 2009 Law et al. 2007 Law et al. , 2009 Genzel et al. 2008 Wright et al. 2007 Wright et al. , 2009 Shapiro et al. 2008; Cresci et al. 2009; van Starkenburg et al. 2008; Epinat et al. 2009; Lemoine-Busserolle & Lamareille 2010; Jones et al. 2012; Wisnioski et al. 2012; Swinbank et al. 2012a,b; Epinat et al. 2012; Newman et al. 2013) . In addition, their star formation rates (SFR), star formation rate surface densities (Σ SF R ) and interstellar pressures are more similar to those of local starbursting galaxies than local normal star-forming disks .
Given the differing physical conditions in local and high-z SFGs, one might expect this to be reflected in their nebular excitation properties. Indeed, high-z SFGs often fall in the 'composite' region of the BPT (Baldwin et al. 1981) diagram (the plane of [OIII]/Hβ versus [NII]/Hα ), between HII regions and AGN, coincident with the location of many local starburst galaxies (Tecza et al. 2004; Kewley et al. 2006; Erb et al. 2006a; Liu et al. 2008; Trump et al. 2013; Juneau et al. 2011; Kriek et al. 2007; Hayashi et al. 2009; Yabe et al. 2012; Yuan et al. 2013 ). In fact, Liu et al. (2008) and Brinchmann et al. (2008) have found among local SDSS galaxies a positive correlation between relative offset from the main star-forming HII branch of the BPT diagram toward the 'composite' region and ionization parameter, SFR, and electron density. They have suggested that higher values of these galaxy parameters could explain the position of high-z galaxies in the BPT diagram as well. Conversely, the offset of z ∼ 2 galaxies from the star-forming branch of the BPT diagram could also be due to the presence of AGN or shocks from large-scale outflows. Unfortunately, weak AGN can be difficult to identify in integrated line ratios, but spatially-resolved data can help to uncover them as demonstrated by the case study of a z = 1.6 galaxy by Wright et al. (2009 Wright et al. ( , 2010 . More recently, Newman et al. (2012) found that for two star-forming clumps in a z ∼ 2 SFG, elevated [NII]/Hα and [SII]/Hα ratios were at least in part due to shocks from a galacticscale outflow originating from the clumps, with no evidence for an underlying AGN. Determining the cause(s) of the offset of high-z galaxies in the BPT diagram is instrumental for understanding the physical properties of these objects and in particular the contribution of AGN to their evolution.
In addition to understanding the physical properties of these galaxies, quantifying the effects of shocks and AGN on emission line ratios will help us to better estimate their gas phase metallicity. These metallicities are essential for properly understanding the interplay between gas inflow, outflow and star formation at the peak epoch of the star formation rate density at z ∼ 2-3 . Rest-optical nebular line ratios calibrated locally are the main technique used for measuring metallicity at high-z. However, different diagnostics can give very different results (see e.g. Kewley & Ellison 2008) , and if the [NII]/Hα ratio is indeed elevated in many high-z galaxies by either the physical conditions in HII regions, the presence of shocks or an AGN, metallicities determined using this ratio could be systematically overestimated.
In this work, we present K-, H-and/or J-band datasets for 22 z ∼ 1.4-2.5 rest-UV/optically selected SFGs obtained as part of the SINS/zC-SINF and LUCI surveys (Förster Schreiber et al. 2009; Mancini et al. 2011; Kurk et al. 2013) . Thus for each galaxy, we measure Hα , [NII] , [OIII] , and Hβ fluxes. The faintness of these lines and the requirement that all, or a significant subset of them should be observable between the bright night sky OH lines in the near-IR atmospheric windows make such studies from the ground very challenging. The SINS/zC-SINF and LUCI surveys allowed us to cull a sizeable amount of suitable targets for a first exploration of spatially-resolved metallicities and excitation in massive z ∼ 2 SFGs. We adopt a ΛCDM cosmology with Ω m =0.27, Ω b =0.046 and H 0 =70 km/s/Mpc (Komatsu et al. 2011) , as well as a Chabrier (2003) initial stellar mass function (IMF).
OBSERVATIONS AND ANALYSIS 2.1. Source selection, observations and data reduction
of SINS/zC-SINF galaxies Half of our sample (10 SFGs) was drawn from the SINS and zC-SINF surveys of IFU spectroscopic data of z ∼ 1.5-2.5 SFGs, obtained using SINFONI on the Very Large Telescope (VLT) of the European Southern Observatory (ESO). For all of these objects, we obtained either K-and H-band (for z = 2-2.5) or H-and J-band (for z = 1.4) data in the seeing-limited mode of SINFONI. For a subset of these objects (six), we also obtained K-band data in the AO mode with the aid of either a natural or laser guide star. The seeing-limited data have a pixel scale of 0.125" × 0.25", whereas the AO data have a pixel scale of 0.05" × 0.1", with a spectral resolution of R = 1900, 2900 and 4500 (5000) for J, H and K-band (AO), respectively.
The full SINS and zC-SINF samples were selected as described in Förster Schreiber et al. (2009) and Mancini et al. (2011) . Of the final 10 galaxies used in this analysis, two were selected based on their K -band magnitudes (Daddi et al. 2004; Mignoli et al. 2005) , three based on their K -band magnitudes and BzK colors (Kong et al. 2006; Lilly et al. 2007) , and five from their U n GR colors (Erb et al. 2003; Adelberger et al. 2004; Steidel et al. 2004; Erb et al. 2006b; Law et al. 2009 ).
We further selected galaxies to be observed in H-or J-band based on the requirement that they fall at a redshift such that all four emission lines of interest ([NII] , Hα , [OIII], Hβ ) are unaffected or weakly affected by OH sky lines. In addition, these targets are among the brighter objects in the SINS sample, enabling us to observe the relatively weak Hβ and [OIII] lines in comparatively short exposure times. For the present study, we included only galaxies that had a secure detection in all 4 emission lines with minimal interference from an OH sky line or had a secure detection in 3 lines and an upper limit for one of the lines, with the requirement that there was not an OH sky line near the upper limit, in order to ensure a meaningful value. Out of 15 galaxies for which we attempted to measure all four lines, only 10 were deemed acceptable based on the aforementioned criteria.
The resulting 10 targets present an exemplary sample of the galaxies in the SINS survey. They span the range in stellar mass from 0.77-31.6 ×10 10 M ⊙ , and star formation rate from 25 to 340 M ⊙ /yr. They include various kinematic types: rotation and dispersion dominated objects as well as merging systems. For all the targets, the Hα and [NII] data had already been taken during previous SINFONI observing runs. We note that two of the SINS targets from our sample (Deep3a-15504 and K20-ID5) have evidence for an AGN from X-ray, UV, and/or mid-IR data (Förster Schreiber et al. 2009 , 2013a . Schreiber et al. (2009) ). The table also gives the band/grating, pixel scale, observing mode, and the total on-source integration time. For simplicity '125' refers to the largest scale with nominal pixels of 0.125"×0.250"and field of view of 8"x8", and '50' For the data reduction, we used the software package SPRED and custom routines for optimizing the background/OH airglow subtraction. The point spread function (PSF) full-width at half maximum (FWHM) was measured by fitting a 2D Gaussian profile to the combined images of the PSF calibration star taken throughout the observations of a galaxy. More information on the specifics of the data reduction can be found in Förster Schreiber et al. (2009 ), and Förster Schreiber et al. (2013b .
Source selection, observations and data reduction
of LUCI galaxies We also include 12 galaxies observed with the LUCI1 NIR camera and spectrograph on the Large Binocular Telescope (LBT) Seifert et al. 2010) . LUCI1 allows multi-object spectroscopy with up to 23 laser-cut masks allowing arbitrarily placed and oriented slits having widths down to 0.1" within a 2.5' × 4' field ). These galaxies were observed in the H and K-bands for a median integration time of 4 hours each, employing 1"-wide slits. With this slit width and medium resolution gratings, the spectral resolution is 2850 in H band and 2900 or 1900 in K band. The observations were taken between December 2009 and May 2012, with seeing conditions ranging between 0.6" and 1.1". For further description of the LUCI1 instrument and the observations, see Buschkamp et al. (2010) and Kurk et al. (2013) .
The majority of LUCI targets were selected from the GOODS-N field based on the PEP multiwavelength catalog ) with spectroscopic redshifts from Barger et al. (2008) . In addition, galaxies were selected from the Q2343 field ) based on the rest-UV selected sample presented in Erb et al. (2006b) . Objects from both fields were selected based on their optical redshifts such that there was minimal overlap of the Hα , [NII] , [OIII] , and Hβ emission lines with OH sky features.
The data were reduced using a custom pipeline developed at MPE ). The pipeline includes cosmic ray removal, correction for distortion and the same routine to remove OH sky features as used for the SINFONI reduction (Davies 2007) . The background is subtracted from frames in pairs obtained from on-slit dithering. Wavelength calibration was conducted using OH sky lines, and flux calibration using a Telluric standard star. The noise spectrum was determined using the same method as for the SINFONI data (Förster Schreiber et al. 2009 ).
Galaxy Properties for the Total sample
Our total sample of 22 galaxies contains 10 SFGs from the SINS/zC-SINF survey with all four emission lines detected, 6 galaxies from the LUCI survey with all four lines detected and 6 galaxies from the LUCI survey with an upper limit for either the [NII] or [OIII] emission line and secure detections for the remaining three lines. These galaxies sample the z ∼ 1.5-2.5 'main sequence' of SFGs in the stellar mass/star-formation rate plane between stellar masses of 1×10 9 and 3×10 11 M ⊙ and SFRs between 6 and 340 M ⊙ /yr (Figure 1 ).
For the SINS/zC-SINF galaxies, stellar masses and star-formation rates were determined from stellar population synthesis modeling of broad-band photometry in Förster Schreiber et al. (2009 ), and Förster Schreiber et al. (2011a , and assume either a constant star-formation history or an exponentially declining model with Bruzual & Charlot (2003) stellar evolution tracks. For Q1307-BM1163, photometry is only available in three optical bands, preventing reliable SED modeling to derive the stellar properties. Galaxy properties for the LUCI sample were derived by Wuyts et al. (2011) based on broad-band SEDs. Stellar masses and star-formation rates are computed with the FAST routine (Kriek et al. 2009 ) using Bruzual & Charlot (2003 stellar evolution models with exponentially declining star-formation histories. These galaxy properties are listed in Table 2 .
Extraction of Emission Line Fluxes and Maps
We extracted source-and region-integrated emission line fluxes as well as emission line maps from the final SINFONI science data cubes using line profile fitting. Prior to fitting, we apply a 3 pixel wide median filter to the data cubes to increase the signal-to-noise ratio (SNR). We then use the Gaussian fitting routine LINEFIT ) to produce Hα emission line flux, velocity and velocity dispersion maps. Using these Hα kinematic maps, we velocity-shifted all of the data cubes for each object such that the Hα line falls at the same wavelength for each pixel in order to remove the line-broadening effect of large scale velocity gradients. We then summed the spectra of individual pixels from the velocity-shifted cubes to obtain co-added spectra. For those galaxies that have high enough SNR data The location of our sample on the SFR-M * plane. GOODS-S galaxies from z=1.4-3 are shown as gray points (see: Wuyts et al. 2012) , red circles are SINS galaxies and blue squares are LUCI galaxies. For the LUCI galaxies, we show objects that have secure detections in all four emission lines with closed symbols and those that have an upper limit in one as open symbols. to create kinematic maps for [OIII] in addition to Hα , we find that the kinematics of these lines are roughly consistent, such that we are justified in using the kinematic maps of Hα to correct for all of the data cubes. We note that the emission line ratios do not vary significantly without this velocity shifting, but this technique allows us to recover additional flux, which is especially important for some of the fainter lines. We obtain fluxes for each emission line by simultaneously fitting a constant continuum offset and the Hα , [NII] λ6548,6584, and [SII] λ6717,6731 lines of the coadded spectra assuming identical kinematics (velocity and line width). We then fit the [OIII]λ4959,5007 and Hβ lines assuming the same kinematics as for Hα . For all lines, we assume a Gaussian shape. The errors for the line fluxes are generated from the fit uncertainties, using the noise cube produced from the reduction as input. These errors are on average greater than those obtained from 1000 Monte Carlo simulations.
In order to compare region-integrated spectra or emission line maps (for pixel-to-pixel analysis) that were derived from different bands, we used the 250mas data cube for both even when a 100mas cube was available, for resolution consistency. However, we note that for the integrated spectra, we used the higher quality (from longer t int ) 100mas cubes when available. For comparing emission lines from different data cubes, we register the position of the galaxy in each cube using the centroid of the continuum emission, if possible. If there is not a clear continuum signature free from residuals, we use the centroid of the Hα and [OIII] emission line fluxes, checking that the morphology and peak of emission is similar for these lines. We also find that the point spread functions (PSFs) for different bands are consistent within 30%, which is the combined uncertainty of the resolution of the data sets. For the pixel-to-pixel analysis, we only consider pixels with a SNR of the line flux >3 for all four emission lines.
For the LUCI targets, we collapsed the 2D data onto a 1D spectrum with an aperture chosen to optimize the SNR. We have attempted a similar velocity-shifting technique as for the SINFONI data, but for the few objects for which this was possible, the procedure only increased contamination from OH features. Thus we have not used any velocity-shifted LUCI spectra, but note that as mentioned before, this should not have a large affect on the emission line ratios.
The emission line fluxes for the LUCI spectra were fit using the LINEFIT routine, with errors derived from 100 Monte Carlo simulations. For lines that were undetected, a 3σ upper limit was derived based on the noise spectrum for the wavelengths corresponding to the line of interest based on the Hα -derived redshift, assuming the same line width as Hα . For two of the galaxies from the LUCI sample (GN2602, GN3493), the [OIII]λ5007 line was out of the range of the filter and thus the [OIII] upper limit was determined from the [OIII]λ4959 emission line and assuming the scaling [OIII]λ5007 = 3 × [OIII]λ4959. In another one of our objects (GN4126) the [OIII] and Hβ fluxes are derived from an HST/WFC3 Grism spectrum (B. Weiner, private communication), because neither of these lines were detected in our LUCI data. These fluxes are determined using the same method as for the SIN-FONI spectra, except the line positions and widths were allowed to differ from those of Hα since the GRISM line width is more sensitive to the object size than kinematics (because the GRISM spectra are slit-less and very low resolution). Table 3 [NII] [NII] a Assuming Z ⊙ = 8.69 (Asplund et al. 2009 ) and using the calibration of Pettini & Pagel (2004) . b Has evidence for an AGN based only on spatially resolved line ratios. c Has evidence for an AGN from X-ray, UV, and/or mid-IR data. [OIII]/Hβ plane (BPT diagram). SINS galaxies are shown as either red circles (star-forming) or red stars (those identified as AGN), and LUCI galaxies are shown as blue circles, with galaxies that have only three line detections and one upper limit shown in the right panel as blue filled squares.
3. RESULTS 3.1. Excitation Properties of z ∼ 2 Galaxies 3.1.1. Galaxy-integrated measurements
We show the galaxy-integrated line ratios in the BPT diagram in Figure 6 . Many of the objects in our sample are located in the 'composite' region of the BPT diagram, between the star-forming and AGN branches traced out by the local SDSS galaxies, and demarcated by the Kauffmann et al. (2003) and Kewley et al. (2001) empirical and theoretical divisions between star-forming and AGN galaxies. This is consistent with most findings of other recent work for samples of galaxies selected by similar criteria (Erb et al. 2006a; Shapley et al. 2005; Liu et al. 2008; Kriek et al. 2007; Hayashi et al. 2009; Yabe et al. 2012; Trump et al. 2013 , see Figure 7 ). The observed offset of high-z galaxies from the local starforming branch suggests that different physical conditions are prevailing in high-z non-AGN actively starforming systems compared to the bulk of local starforming galaxies (see, e.g., the detailed discussion by (2008) and Trump et al. (2013) are blue squares, green upright triangles, magenta diamonds and cyan inverted triangles, respectively. Only secure detections in all four lines (not upper limits) are shown. Liu et al. 2008) . We note that all of the galaxies that are identified as AGN either from X-ray, UV or mid-IR data or based on spatially-resolved rest-frame optical data (see next section and Förster Schreiber et al. 2013a) , have [NII]/Hα 0.3 independent of whether they are located in the composite or AGN region of the diagram. However, all galaxies in the composite region are not necessarily AGN. We further examine the galaxies that fall near the composite region and how to identify galaxies with obscured AGN using spatially resolved data in the next section.
To explore some of the trends described in Liu et al. (2008) and Brinchmann et al. (2008) , we color-code galaxies in the BPT diagram by SFR, stellar mass and sSFR (Figure 8 ). We include all of our SINS and LUCI galaxies as well as galaxies from the literature, presented in Figure 7 , with secure detections in all four emission lines. Thus this analysis includes galaxies from z=1 to 2.5. As expected from the mass-metallicity relation, there is a trend of increasing stellar mass with higher [NII]/Hα ratios. We also find a trend of increasing offset (mostly in the [NII]/Hα direction) from the HII branch with increasing SFR, which may be correlated with an increase in ionization parameter, but may also be due to the aforementioned stellar mass trend since stellar mass and star formation rate are tightly correlated for SFGs (Daddi et al. 2007; Rodighiero et al. 2011) . Finally, there may be a (marginal) trend of increasing [OIII]/Hβ ratio with increasing sSFR, suggesting that galaxies in the 'composite' region of the BPT diagram may be in a burstier phase of star-formation than those that lie on the HII branch. This is consistent with the finding that many of the local galaxies in the 'composite' region are starbursts (Liu et al. 2008; Brinchmann et al. 2008) . Alternatively, the elevated sSFR for these galaxies could be related to AGN activity affecting the line ratio, if there is a correlation between sSFR and AGN activity. However, Rangel et al. (2013) suggest that there is no such correlation.
The measured Hβ fluxes might also be biased by underlying stellar Hβ absorption (Dufour et al. 1980) . We therefore correct for this absorption using the best fit SED-derived star-formation histories and ages. Once we account for this correction factor, we see a noticeable down-shift in [OIII]/Hβ of ∼ 0.02 to 0.21 dex (mean 0.08 dex). Nevertheless, accounting for Hβ absorption does not reconcile our data with the distribution of local galaxies from the SDSS (Figure 9 ) and therefore does not affect our qualitative conclusions. Our estimated corrections for Hβ absorption are fairly similar to those of Shapley et al. (2005) who reported a maximum downshift of 0.1 dex and also found that unaccounted-for Hβ absorption is likely not causing the observed offset in [OIII]/Hβ for their DEEP2 sample. For the remainder of this paper, we use emission line ratios that are not corrected for stellar Hβ absorption for consistency with previous work.
Spatially-resolved measurements
In this section, we exploit the high-quality IFU data taken of the SINS/zC-SINF galaxies in our sample. Overall, the emission line and kinematic maps of our targets for the different emission lines are in good agreement. For most sources, the main emission peak in all of the individual line maps is found at the same location inside the source boundaries. Some notable exceptions exist for a couple of sources (K20-ID5 and ZC407302, see discussion later in this section), where, in particular, the peak [OIII] emission was somewhat offset from the Hα peak emission. For four of the galaxies in our SINS/zC-SINF sample, the SNR is sufficiently high in all four lines ([NII] , Hα , [OIII], Hβ ) that we are able to plot individual pixels in the BPT diagram for a large region of these galaxies. For the remaining galaxies (except Deep3a-6004), we are still able to obtain high quality spectra of the inner (R <0.4") and outer regions (see Figure 10) , where the center is determined as in Section 2.
We find that many galaxies have inner regions that are offset to higher excitation relative to their outer regions, indicating that perhaps the inner region is influenced by an (possibly obscured) AGN and the outer region is dominated by star-formation (see Figure 10) . Alternatively, the inner region could have a larger contribution from shock excitation or elevated ionization parameter, perhaps due to an outflow, as seen in the star-forming clumps of a z ∼ 2 SFG presented in Newman et al. (2012) . This inner/outer region offset is seen for two galaxies with strong evidence for an AGN, Deep3a-15504 and K20-ID5, as well as Q2343-BX389, which has no other evidence for an AGN (see discussion below). However, we note that the Hβ line for Q2343-BX389 becomes somewhat contaminated by an OH sky line on it's redshifted side, and thus its outer spectrum may be unreliable, as reflected in the error bars. For the remaining galaxies, the offsets between the inner and outer regions in the BPT diagram are consistent with the 1σ errors. maps with a SNR cut-off of 3. There are some small discrepancies between Figure 10 and Figures 11 through 14, and these stem from the different techniques used to extract the line ratios in the pixel-by-pixel and inner/outer region analysis and the resulting flux weightings (i.e. fitting the lines to individual pixel spectra versus to integrated spectra). -Deep3a-15504 Deep3a-15504 is a large, rotating massive disk which has previously been identified as an AGN based on broad and/or high excitation lines in the optical (rest-UV) spectrum (Kong et al. 2006; Genzel et al. 2006, E. Daddi, private communication) . In addition to elevated [NII] /Hα values, its nuclear region also demonstrates extremely broad Hα emission line wings, with velocities of up to 1500 km s −1 (Genzel et al. 2006; Förster Schreiber et al. 2013a ). The deep, AO-assisted Hα map obtained for this galaxy shows that the star formation activity in the large disk takes place in several moderately bright clumps superimposed on diffuse emission. With pixel-by-pixel analysis (see Fig. 11 ), the central AGN-dominated (red and green symbols) and outer star-forming disk regions (blue pixels) separate clearly. While the outer region pixels still lie between the AGN region and the composite region of the BPT diagram, it is clear that the high excitation due to the AGN at the center drives the integrated ratios to values even closer to those of the AGN regime.
-ZC407302 ZC407302 has no evidence for an AGN either from resolved Hα observations or ancillary data. This is corroborated by the pixel-by-pixel BPT diagram (Figure  12) , where all pixels are consistent with excitation as observed in purely star-forming objects, and are very similar to the integrated line ratio. This is also reflected in the fairly uniform line ratio maps from the seeing-limited SINFONI data. As mentioned earlier in this section, there is a slight discrepancy between the peaks of Hα and [OIII] emission. This could be due to the asymmetric light distribution in Hα and [NII] seen in the high resolution AO map (see Figure  3 , Genzel et al. 2008 . The asymmetry is mainly caused by a compact source north-east of the main body of the galaxy, which is not resolved in the seeing-limited maps of Figure 12 but is present in the adaptive optics data set as well as in ACS i-band and HST WFC3 J-and H-band imaging available for this galaxy (S. Tacchella et al. in preparation) . This source could be a bright disk clump at the edge of the system or a second, lower mass galaxy interacting with the main galaxy. The overall velocity field is consistent with a large disk galaxy, while on kpc-scales, deviations from pure rotation are visible and the north-eastern part appears more disturbed ).
-Q1623-BX599 Q1623-BX599 is a compact, rotating disk .
Like ZC407302, it has no evidence for an AGN and all three regions appear to lie in or close to the star-forming region of the BPT diagram ( Figure 13 ). However, this galaxy does barely lie in the AGN regime of the BPT diagram based on integrated line ratios (Figure 6 ). This may be due to the fact that much of the east half of the galaxy has very low SNR in Hβ (see [OIII] /Hβ map in Figure 13 ) and the inclusion of this region in the integrated spectrum -Q2343-BX610 Hα kinematics clearly show that this system is a large rotating disk with several bright clumps visible in the AO SINFONI data as well as in high resolution NIC2 Hband and WFC3 maps (Förster Schreiber et al. 2011a,b, S. Tacchella et al. in preparation) . While there is no other evidence for an AGN from the available rest-UV spectrum (Erb et al. 2006b) , there is an indication of a possible AGN from the observed mid-IR IRAC colors (Hainline et al. 2012; Förster Schreiber et al. 2011a , 2013a and resolved analysis of the nuclear region shows elevated emission line ratios (Figure 14 There are two additional galaxies from our sample (Deep3a-6004 and K20-ID5) that show evidence for an AGN, but do not have a sufficiently high SNR in all four lines for the pixel-by-pixel analysis. Deep3a-6004, with a ring-like Hα morphology and kinematics suggestive of rotation (Förster Schreiber et al. 2009; Newman et al. 2013) , is located in the 'composite' region of the BPT diagram. While it's VIMOS rest-UV spectrum shows no evidence for an AGN (E. Daddi, private communication), the nuclear region has an elevated [NII]/Hα ra- and Hβ lines have too low SNR in the nuclear region to be analyzed. K20-ID5, while located in the AGN regime of the BPT diagram, has previously been characterized as a non-AGN galaxy with elevated emission line ratios due only to photoionization and shocks by van Dokkum et al. (2005) . This analysis was based on the optical spectrum, which includes [HeII]λ1640 and [CII]λ1909 emission, but no higher ionization lines such as [CIV] λ1549 that would allow unambiguous identification of an AGN (Daddi et al. 2004) . However, in recent deep 4Ms Chandra observations, K20-ID5 has been detected in both hard and soft X-rays (Xue et al. 2011) , and it's 1.4 GHz flux density is also consistent with the presence of an AGN. Moreover, it's Spitzer /IRAC colors (from the catalog of Wuyts et al. 2008 ) also satisfy the criteria for an AGN (Stern et al. 2005; Lacy et al. 2007; Donley et al. 2012 ). These new data support the notion that K20-ID5 does in fact harbor an AGN, though shocks in the nucleus and the disk are not excluded.
One other galaxy from our sample (Q2343-BX389) lies in the AGN regime of the BPT diagram, although it is not clear if it in fact contains an AGN. First, the Hβ absorption correction brings it closer to the 'composite' region of the BPT diagram (see Figure 9) . Second, the [NII]/Hα ratio (0.18 ± 0.03) is quite low for a galaxy with an AGN. Finally, the Hβ line is affected by an OH sky line for a region of the galaxy and this could be affecting its positions in the BPT diagram. On the other hand, Q2343-BX389 is fairly massive (M * ∼ 4×10 10 M ⊙ ), and close to the stellar mass for which most z ∼ 2 SFGs host an AGN (10 11 M ⊙ ), as seen by Förster Schreiber et al. (2013a) , and the inner region of the galaxy is offset towards higher excitation than the outer region ( Figure  10) . Unfortunately, our current data are insufficient for determining whether or not this galaxy contains an AGN.
Our results from the analysis of spatially-integrated line ratios combined with other source properties suggest that there is no single dominant mechanism common to all galaxies, which is causing the observed offset in the BPT diagram, compared to the location of local SDSS galaxies. Known AGNs (Deep3a-15504 and K20-ID5) are located in the AGN region and other sources show a similar offset as found in other high-z studies (see e.g.: Erb et al. 2006a; Shapley et al. 2005; Liu et al. 2008; Kriek et al. 2007; Hayashi et al. 2009; Yabe et al. 2012; Trump et al. 2013) , being located towards higher values in [NII]/Hα and [OIII]/Hβ and in between the AGN and star-forming branch. For these objects, contributions from (possibly low-luminosity) AGN (for Q2343-BX610 and Deep3a-6004) as well as (possibly outflowrelated) shocks or an ISM with higher electron density and ionization parameter (for Q1307-BM1163, K20-ID7, Q2343-BX389 and Q1623-BX599) may be possible (e.g., Shapley et al. 2005; Liu et al. 2008; Erb et al. 2006a; Wright et al. 2009 Wright et al. , 2010 Newman et al. 2012 ). We probe the latter two scenarios using photoionization and shock models in section 3.2.
The key result from this section is that we are able to identify potential low-luminosity or obscured AGN through the use of resolved line ratio measurements (e.g. Q2343-BX610), which would not be identified as such using integrated data. Using this technique, we also find that not all high-z galaxies in or near the composite region appear to contain AGN.
3.1.3. MEx diagnostic at high-z Recently, Juneau et al. (2011) introduced a new excitation diagnostic that could be used in the absence of an [NII] and Hα measurement, the Mass-Excitation diagnostic (MEx). This diagnostic uses the well-known correlation between galaxy stellar mass and gas phase metallicity to create an alternate BPT-like diagram with [OIII]/Hβ vs. stellar mass. While both Juneau et al. (2013) and Trump et al. (2013) have shown that this relation, which was calibrated locally, holds up to z 1.6, separating AGN and star-forming galaxies, we hope to test whether this relation could also be used for our z ∼ 2 objects.
As seen in the left panel of Figure 15 , we find that this diagnostic does not work for our z ∼ 2 galaxies. All of our galaxies with all four emission lines ([NII] , Hα , [OIII], Hβ ) fall in the AGN regime of the MEx diagram regardless of their position in the original BPT diagram. This is not surprising given the strong offset of z ∼ 2 galaxies in the stellar mass-metallicity relation. In order to quantify the effect of the evolution of the mass-metallicity relation on this discrepancy, we derive a simple correction for the stellar mass (i.e. what would the stellar mass of our z ∼ 2 galaxies be at z ∼ 0 for the same value of [NII]/Hα ). First, we calculate the shift in stellar mass as a function of metallicity between the Erb et al. the mass shift as a function of stellar mass and apply this shift to our z ∼ 2 galaxies in Figure 15 (right panel). We note that this correction can not account for the presence of shocks and elevated ionization parameter, which could also affect the MEx diagnostic at z ∼ 2 .
We find that this corrected MEx diagnostic does a reasonably good job of predicting the location of the galaxies in the BPT diagram: The BPT star-forming galaxies (left of the Kauffmann et al. (2003) relation) all fall in the MEx star-forming regime or close to it; all but one of the BPT composite galaxies are shifted towards the border between the AGN and star-forming regimes; and the BPT AGN galaxies are still in the MEx AGN regime. In fact, we find that the two BPT composite galaxies that still lie in the AGN regime of the 'corrected' MEx diagram (Deep3a-6004 and Q2343-BX610) are also classified as AGN when using spatially resolved analysis.
Comparison to Photoionization and Shock models
We generate both photoionization and shock models to explore the effect of these processes on the location of high-z galaxies in the BPT diagram. The photoionization models are created using SEDs generated with Starburst99 (Leitherer et al. 1999; Vázquez & Leitherer 2005) , along with the photoionization code Cloudy (Ferland et al. 2013 ). We assume a spherical geometry, a uniform electron density of 100 cm −3 , and an ISM dust model. In generating the SEDs we assume a 10 Myr old cloud with a constant SFR of 100 M ⊙ yr −1 (the median for the SINS galaxies), a Kroupa (2001) IMF, high mass-loss stellar evolution tracks from the Geneva group (Meynet et al. 1994 ) and a Pauldrach/Hillier atmosphere (Pauldrach et al. 2001; Hillier & Miller 1998) . Models are generated for a range of metallicities (for 0.2Z ⊙ , 0.4Z ⊙ and Z ⊙ ) and ionization parameters (logU = -3.5 to -1.8). Considering an open geometry has little effect on the resulting line ratios, as does altering the filling factor (we consider a filling factor of 1 here), changing the density (between 1 and 500 cm −3 ), adding molecules, removing the grain model, or changing the SFR by an order of magnitude.
The shock models are generated according to the method outlined in Gnat & Sternberg (2009) for the same metallicities as above (0.2-1 Z ⊙ ) and for shock velocities of 500 and 1000 km s −1 (comparable to the velocities of the warm ionized component and hot wind fluid in galactic outflows, see Veilleux et al. 2005) . In these shock models, we have calculated the non-equilibrium ionization and cooling, followed the radiative transfer of the shock self-radiation through the postshock cooling layers, took into account the resulting photoionization and heating, and followed the dynamics of the cooling gas. We have also followed the emission-line intensities of several lines produced in the postshock cooling layers.
To obtain models with both photoionization and shocks, we normalize the lines fluxes in each of the photoionization and shock models by the Hα flux, and combine them with varying contributions, as shown in Figure  16 . The SINS and LUCI data (particularly in the 'composite' region of the BPT diagram) are best fit by the models with a 25% flux contribution to the Hα emission from shocks, and are fit equally well with either the 500 or the 1000 km s −1 shock velocity models. In- (2011) with SINS/zC-SINF and LUCI galaxies. The left panel shows the traditional MEx diagnostic with the galaxies color and symbol coded by their position in the BPT diagram. Red stars and diamonds are SINS and LUCI AGN, purple circles and squares are SINS and LUCI composite galaxies, and blue inverted and upright triangles are SINS and LUCI star-forming galaxies, according to the BPT diagram. In the right panel, we shift the data points according to the shift in the mass-metallicity relation between z ∼ 0 and 2 (using the Erb et al. (2006a) and Tremonti et al. (2004) relations). The original points are shown as open symbols and the shifted points are shown as closed symbols. While the MEx diagnostic does not accurately predict the location of z ∼ 2 galaxies in the BPT diagram, applying a simple shift according to the mass-metallicity relation brings the two diagnostics into better agreement.
cidentally, this is consistent with what was found by Newman et al. (2012) for the fraction of Hα emission deriving from shocks (15-30%) in winds from individual star-forming clumps in a z ∼ 2 SFG. However, we note that if the Hβ absorption correction shown in Figure 9 is applied, the data points may be more consistent with the 100% photoionization model. Both the 100% and the 75% photoionization models imply ionization parameters of logU = -3 to -1.8 for our galaxies.
If we compare the metallicities from the models with those assumed using the Pettini & Pagel (2004) [NII]/Hα calibration (indicated by the grey lines in Figure 16 ), we find that galaxies determined to have close to solar metallicity based solely on their [NII]/Hα ratios, could indeed have metallicities as low as 0.2Z ⊙ when accounting for photoionization effects and shocks (for both galaxies with and without evidence for AGN). The discrepancy is lower when the metallicities are calibrated using the O3N2 diagnostic (see next section, and Table 3 ), but there is still a significant offset between that calibration and the metallicities determined from the models. When considering the non-AGN galaxies that fall within the best fit model grid (Q1307-BM1163, K20-ID7, GN-21496), the metallicities (Z/Z ⊙ ) calculated with the N2 diagnostic are overestimated (as compared with the models) by a factor of ∼3, and those calculated with the O3N2 diagnostic are overestimated by a factor of ∼2.
Our models are roughly consistent with those of previous work on photoionization and shock models (see e.g. Dopita & Sutherland 1995; Dopita et al. 2000 Dopita et al. , 2006 Allen et al. 2008; Levesque et al. 2010; Rich et al. 2011) . The 100% photoionization models occupy a similar region of parameter space (mostly in the HII region and part of the composite region), as those from Dopita et al. (2000) , Dopita et al. (2006) and Levesque et al. (2010) , and the shock model produces similar line intensities as for other fast shock codes (e.g. Allen et al. 2008) . We compare our combined shock and photoionization models to those of Rich et al. (2011) , and find good overall agreement, with [NII]/Hα increasing with shock fraction, although we find an overall decrease in [OIII]/Hβ with shock fraction while they find an increase. This discrepancy may be due to the fact that they use slow shocks with velocities ranging from 100 to 200 km s −1 , while our shocks are for 500 and 1000 km s −1 . From our models, we find that most or all of the galaxies located in the 'composite' region of the BPT diagram need not contain an AGN and may only lie there because of shocks and photoionization (particularly if we correct Hβ for stellar absorption). Furthermore, metallicities based solely on the [NII]/Hα local calibration could be severely overestimated, and these models allow us to determine the expected metallicities when shocks are present.
Comparison of metallicity indicators
A discussion of the mass-metallicity relation for the full SINS/zC-SINF and LUCI samples as well as resolved metallicity gradients will be discussed by Kurk et al. (2013) . Here, we compare the gas phase metallicities derived using different nebular line ratios, all calibrated locally. Kewley & Ellison (2008) , among others, have shown that the choice of metallicity calibration can have a large effect on the resulting metallicity, even for local SDSS galaxies. However, here we explore additional systematic discrepancies that can arise from differing ISM conditions in high-z galaxies.
In Figure 17 , we have plotted the O3N2 versus N2-based metallicities of our galaxies using the Pettini & Pagel (2004) calibrations. The deviation from shown by the dashed line, SINS galaxies are shown as red symbols (filled circles for star-forming, and stars for AGN), and LUCI galaxies are shown as blue open circles. The N2 diagnostic is biased at z ∼ 2 , systematically producing higher metallicities than the O3N2 diagnostic, even with the exclusion of AGN galaxies. the 1:1 relation is reminiscent of the offset above the SDSS star-forming sequence in the BPT diagram (Figure 6) , and could reflect different physical conditions locally and at z ∼ 2 or an obscured AGN contribution, driving the line excitation. Indeed, for AGN galaxies we find a mean offset between the gas-phase metallicities derived with the two different methods of 0.28dex (stddev = 0.12dex), while for the non-AGN galaxies, we find a mean offset of 0.16dex (stddev = 0.06dex). If we account for stellar Hβ absorption, as previously shown in figure 9 for the BPT diagram, the deviation from the 1:1 relation decreases but the average offset is still 0.13dex (stddev = 0.06dex) for the non-AGN and 0.24 (stddev = 0.12dex) for the AGN galaxies, towards lower log(O/H) with the O3N2 calibration.
Thus, as shown by Liu et al. (2008) , some metallicity calibrations (e.g. N2) are more affected than others by the presence of shocks, AGN or higher interstellar pressure, and even while excluding the AGN galaxies, there is still an offset between the two calibrations. As mentioned in the previous section, using the O3N2 calibration brings the metallicity determinations into closer agreement with the photoionization and shock models presented here (as compared with the N2 calibration), but there is still some inconsistency. Despite the observed offsets, relative measurements among galaxies remain unaltered and the use of one or the other indicator would lead to similar conclusions.
Based on our findings here and in Section 3.2, it is possible that the mass-metallicity relation at z ∼ 2 based on the [NII]/Hα diagnostic could be overestimated by a factor of 2-3 in Z. This discrepancy may be even worse considering that we have excluded from this calculation AGN that have been identified solely based on spatially resolved observations. 4. CONCLUSIONS Based on 22 z∼1.4-2.5 SFGs from the SINS/zC-SINF and LUCI surveys (10 with spatially resolved data), we explore the effects of AGN, shocks and photoionization on line ratio diagnostics at z ∼ 2 . In particular, our spatially-resolved data allow us to investigate how integrated line ratio measurements may be impacted by different excitation mechanisms. Our findings are as follows:
• With the use of spatially resolved line ratios, we are able to identify low-luminosity or obscured AGN that would otherwise not be detectable from integrated measurements, wherein the line ratios are the product of both a star-formation dominated disk and a highly excited nuclear region.
• Shocks and photoionization may be responsible for the location of many z ∼ 2 galaxies in the 'composite' region of the BPT diagram. Shocks could contribute up to ∼25% of the Hα flux for our sample.
• In the composite region of the BPT diagram, there is a mix of galaxies with and without evidence for AGN and the prevalence of an AGN in this region appears to be correlated with [NII]/Hα (or similarly M * ).
• The MEx diagnostic (Juneau et al. 2011) does not accurately separate z ∼ 2 star-forming and AGN galaxies according to the BPT diagram. However, applying a shift to M * values based on the offset between the local and z ∼ 2 mass-metallicity relations improves consistency of galaxy classification between the BPT and MEx diagrams.
• Gas-phase metallicities that are determined from local calibrations appear biased to higher metallicities at high-z when the presence of photoionization and shocks are considered, by up to a factor of 3 (when using the N2 calibration) or 2 (when using the O3N2 calibration).
The key take-away messages from this paper are that one must be careful when using integrated line ratios, as there may be a large range in excitation that is hidden in the average spectrum and that the effects of shocks, photoionization and the presence of an AGN may all be responsible for elevated line ratios in z ∼ 2 SFGs.
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